INTRODUCTION
On the basis of the approved nondestructive testing methods Barkhausen noise measurement and eddy current testing a microscope for both techniques has been built up. With this _!!arkhausen Noise and Eddy Current Microscope (BEMI) high resolution images ofthe distribution ofthe maximum ofBarkhausen noise and the eddy current coil impedance can be obtained by scanning a sensor with a precise manipulation unit over a test specimen [1, 2] . The aim is the characterization ofmagnetic and mechanical properties of ferromagnetic materials (e.g. thin films). In addition to a suitable manipulation and signal processing system probes with high resolution and high sensitivity are necessary. These probes or sensors strongly affect the measured signals and the imaging characteristics. The frequency-dependent influence ofthe probe on the transmitted signals can be determined by the transfer function derived from a model of a ferrite ring head respecting the frequencydependent complex permeability. The head parameters for computing the transfer function were found by measuring the head impedance at several frequencies and fitting the theoretical impedance function to the experimental results. To answer the question ofthe resolution of the microscope the effective width of the sensors were detected by linescans over a ferrite test specimen. In addition there will be shown examples of images obtained by the Barkhausen Noise and Eddy Current Microscope (BEMI) that indicate the range of applications.
PRlNCIPLES OF BARKHAUSEN NOISE MEASUREMENT
The magnetization reversals of ferromagnetic materials take place by Bloch wall movements. These movements are influenced by the interaction oftheBloch walls with residual stress and lattice defects such as dislocations, grain boundaries, precipitation and ferromagnetic second phases. This interaction can be detected by an inductive sensor as Barkhausen noise. A signal processing unit amplifies, filters and rectifies the received signal. The obtained envelope ofthe high frequency Barkhausen noise amplitude is recorded as a function ofthe tangential field strength measured by a Hall probe. The main measured quantities are the maximum amplitude ofthe magnetic Barkhausen noise curve MMAX and the field strength HcM· HcM is derived from the position of the noise maximum, which often corre1ates with the coercitivity field strength [3] .
PRINCIPLES OF EDDY CURRENT TESTING
An electric coi1 canying an altemating current produces an electromagnetic field that interacts with the specimen and induces eddy currents within the material. Variation of conductivity, permeabi1ity or perturbation ofthe eddy currents by defects cause a change of the coil impedance !).Z. The change of the impedance can be detected by comparison of the coil voltage to the reference voltage ofthe impressed current. This can be represented in the impedance plane [4, 5] .
BARKHAUSEN NOISE AND EDDY CURRENT MICROSCOPE (BEMI)
The basic part ofthe BEMI (Figure 1 ) is the 3-axes positioning system with a holder unit for the inductive probes and the reference Hall probe. The test specimen is fixed on an electromagnetic yoke with an additional Hall probe at the bottom ofthe specimen. The different signal processing and control units are mounted together with a personal computer in a separate rack. The magnetization unit consists of a function generator and an amplifier. This gives the ability to magnetize with a field strength of0-125 A/cm and frequencies up to 250 Hz. The magnetic field strength measurement system supplies the Hall probes with vo1tage and current and delivers the magnetic fie1d strength to the PC. The manipulation contro1 unit is a commercial system with an accuracy of 111m in all three directions. The important parts ofthe microscope are the units of eddy current testing and Barkhausen noise measurement, that can be se1ected by a software controlled switch. The eddy current unit allows simultaneous testing with three multiplexed frequencies between 1 OHz-1 OMHz. The Barkhausen noise unit detects the induced Barkhausen noise in three filters ranges between 20 kHz and 1 OMHz with an amplification up to 1 OOdB. The personal computer controls the system, the signal processing and stores the measured data. 
PROBEMODEL
Sensors and probes with high sensitivity and high resolution are necessary for microscopic imaging. Miniaturized sensors were developed in cooperation with an industrial partner, the EXABYTE Magnetics GmbH. The sensors or probes are inductive ferrite heads similar to the heads that are used in magnetic data storage. The best design parameters and the frequency-dependent transfer function can be obtained by modeling the sensor taking into account the frequency-dependent permeability ofthe sensor core [6] . The known transfer functions provide the possibility to compare the results of different frequency ranges without influence ofthe measurement system. Figure 2 shows the electrical and magnetic equivalent circuit of the probe. The reluctances Rx are in generat length lx divided by cross section Ax and complex permeance.
Ra is the gap reluctance, RA is the reluctance ofthe stray field that passes the gap and RF is the ferrite core reluctance. There are two fluxes, the incoming flux ~1 and the flux ~T in the coil. The coil with the inductivity L transfers the magnetic flux into a voltage. C and Rare capacitance and resistance ofthe coil and the following amplifier. From this equivalent circuit the transfer functions for the passive sensor Hu and for the active probe H1 can be derived.
N is the nurober ofwindings, Jle is the effective permeability, and G, K, P are geometrical factors. Moreover, the impedance model ofthe probe can be deducted from the equivalent circuit. The real geometrical factors are identified by measuring the probe impedance over the frequency range of interest and fitting the measured values to the impedance model t7J. Figure 3 shows the transfer functions ofthree different sensors. The magnitude and the phases over the frequencies are presented for the voltage transfer ftmctions and the current transfer function. Type I and type 2 have different core shapes and core materials, type 3 has the same shape as type I but oniy the haifnumber ofwindings. Probe I is the most sensitive, but it has a lower resonance frequency than probe 3. The regions with constant sensitivity and phases are the best operation ranges. Probes with Iess number of windings as the shown types have higher resonance frequencies and can be used with frequencies up to I 0 MHz.
IMAGING CHARACTERISTICS
The important point of interest is the maximum of resoiution that can be obtained with the microscope. In general the signal, voltage or impedance, is a convolution ofthe probe sensitivity function with the attributes ofthe materialtobe imaged. The probe sensitivity function is corresponding to the aperture function in optics. It is determined by the transfer function described above and a geometrical distribution function of the electromagnetic probe field. Thus, the sensitivity function depends on the frequency, the probe geometry and the material ofthe probe and the specimen. Only for special cases, numerical solutions ofthe geometrical distribution function were published [8] . Microprofiled test specimen were scanned to compare the resolution of different probe types. The test specimens are ferrite bodies with notches in different distances in the surface. This produces fins with different widths from IOOJ.Lm to 5J.Lm. The test specimens were scanned with sensor orientations, parallel and perpendicular to the fins .
., An example ofthe results ofthese linescans for eddy current testing and Barkhausen noise measurement areshownon Figure 4 and Figure 5 . The eddy current detects fins by changing the magnitude of impedance. Barkhausen noise detects the fins by changing MMAX· The detection limit for both methods is lower than the smallest fin of 5 !J.ffi. To evaluate the resolution the effective width ofthe probe is defined with respect to a DINNorm, a Germanindustrial standard [9] . The effective width corresponds to the width ofthe probe sensitivity function and can be obtained by subtracting the real width ofthe fms from the imaged width by the linescans. The resolution is defined as 80% to 90% of the effective width. The effective width of different sensor types for eddy current testing and Barkhausen noise measurement are listed in table 1. The effective width is mainly influenced by the sensor type and the orientation of the probe. In contrast to the data storage technology the influence ofthe gap width ofO.l!J.m to 5!J.m may be neglected. The best resolution ofless than 10 !J.m is obtained by Barkhausen noise measurement for type C in its a:lvantage direction.
EXAMPLES
The following examples indicate only the range of application ofthe BEMI. Detailed information about the use of the BEMI for NDT and material characterization is published in the Iiterature [ l 0, 11, 12] and will be published at the end of the current project. Figure 6 is an image ofthe Barkhausen noise amplitude ofa crack tip in a steel specimen. The lower noise amplitude at the left side of the image corresponds to the end of the crack. Remarkable are the higher amplitudes in the right half shaped like a hone. This can reservedly be interpreted as stress in front ofthe crack tip [11] . Butthis problern has not Crack Tip -+ Figure 6 Barkhausen noise amplitude of a crack tip. yet been fmally examined. The influence of microstructure and magnetic stray fields at the crack on the measured Barkhausen noise amplitude can not be excluded yet. Figure 7 shows an eddy current image of a thin polymid film with a depth of 400nm on a ferrite body. The information in the indicated frame is in accordance with the optical image that shows Newton's rings due to the variation ofthe thickness ofthe thin film.
The last example is an eddy current microscopy image of spiegel iron (Figure 8) . The white structures are small cementite needles in an austenitic matrix. The contrast is caused by the different permeabilities of cementite and austenite [12] . ptical image Figure 7 Eddy current microscopy image ofthickness variation ofa thin film (lOmm x 8mm, lOOJ.lm step width, lMHz) and the optical image. Figure 8 Eddy current microscopy image of spiegel iron (l.Smm x l.Smm, step width 20J.lm. lMHz).
CONCLUSION
A high resolutionBarkhausen Noise and Eddy Current Microscope (BEMI) was built up. A probe or sensor model and the transfer function that can be derived from this model were presented. The determined image characteristics show a maximum resolution of 10J.lm and a detection Iimit ofless than 5J.lm. Three examples indicate the ranges of application: a Barkhausen noise image for detecting stress, an eddy current image that shows the different permeabilities, and an eddy current image ofthickness variation of a thin film.
